University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Dissertations and Student Research in
Entomology

Entomology, Department of

12-2010

THE ROLE OF PEROXIDASE IN THE DEFENSE RESPONSE OF
BUFFALOGRASS TO CHINCH BUGS
Anh Hoang
University of Nebraska-Lincoln

Follow this and additional works at: https://digitalcommons.unl.edu/entomologydiss
Part of the Entomology Commons

Hoang, Anh, "THE ROLE OF PEROXIDASE IN THE DEFENSE RESPONSE OF BUFFALOGRASS TO CHINCH
BUGS" (2010). Dissertations and Student Research in Entomology. 8.
https://digitalcommons.unl.edu/entomologydiss/8

This Article is brought to you for free and open access by the Entomology, Department of at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Dissertations and Student
Research in Entomology by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

THE ROLE OF PEROXIDASE IN THE
DEFENSE RESPONSE OF BUFFALOGRASS TO CHINCH BUGS

By
Anh Hoang

A THESIS

Presented to the Faculty of
The Graduate College at the University of Nebraska
In Partial Fulfillments of Requirements
For the Degree of Master of Science

Major: Entomology

Under the Supervision of Professors
Tiffany M. Heng-Moss and Gautam Sarath

Lincoln, Nebraska
December 2010

THE ROLE OF PEROXIDASE IN THE DEFENSE RESPONSE OF BUFFALOGRASS
TO CHINCH BUGS
Anh Hoang, M. S.
University of Nebraska, 2010
Advisers: Tiffany M. Heng-Moss and Gautam Sarath
In recent years, buffalograss, Buchloë dactyloides (Nuttall) Engelmann has gained
popularity as a turfgrass because of its low maintenance requirement, drought tolerance,
and limited pests and diseases. Within the last decade, however, the western chinch bug
Blissus occiduus Barber has emerged as important pest of buffalograss. Considerable
progress has been made toward identifying buffalograsses with resistance to the western
chinch bug and understanding the mechanisms of the resistance. It has been hypothesized
that chinch bug-resistant buffalograsses can effectively detoxify the elevated levels of
Reactive Oxygen Species (ROS) through enhanced activity of ROS-scavenging enzymes,
while ROS accumulates in the susceptible plants because of the inability of the plant to
detoxify these compounds. The objectives of this research were to document the
accumulation of hydrogen peroxide and the levels of peroxidase and catalase in both
control and B. occiduus challenged buffalograsses. Two genotypes of buffalograss were
evaluated: the chinch bug-resistant (tolerant) cultivar, Prestige, and chinch bugsusceptible cultivar, 378. Histochemical (diaminobenzidine; DAB) staining techniques
were employed to document hydrogen peroxide accumulation and catalase activity.
Hydrogen peroxide levels were also detected at the ultrastructural level using cerium.

Chinch bug infested Prestige plants had higher levels of hydrogen peroxide accumulation
relative to their control plants and chinch bug infested 378 plants. According to DAB
staining for catalase activity, both infested 378 and Prestige plants had higher levels of
catalase activity initially when compared to their uninfested control plants. However, by
day 11 following insect introduction, infested Prestige plants showed a higher apparent
level of catalase accumulation as compared to infested 378 plants. In addition, enzyme
kinetic studies revealed a higher level of peroxidase activities in 378 plants in response to
chinch bug feeding at early time points. However, at later time points both control and
infested plants showed similar levels of peroxidase activity. By contrast, infested Prestige
plants exhibited significantly higher or similar levels of peroxidase activity to their
control plants. Chinch bug infested 378 plants had a lower level of catalase activity
relative to their control plants, while similar levels of catalase were observed in chinch
bug-infested and control Prestige plants. This research supports our working hypothesis
on the importance of hydrogen peroxide and oxidative enzymes in the response of
tolerant and susceptible buffalograss plants to chinch bug feeding. The ultimate goal of
this research is to help identify the mechanisms underlying the tolerance traits in
resistance plants to chinch bug.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW
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INTRODUCTION
Buffalograss, Buchloë dactyloides (Nuttall) Engelmann, is a warm-season
perennial turfgrass. It is native to the North American prairies and adapted to the dry
climate of the summer and cold climate of the winter (Wenger 1943). Depending on the
environmental conditions, buffalograss grows to about 5 to 12.7 cm tall. The leaves are
2.5 mm in width and 5 cm long. A plant of buffalograss can spread anywhere from 15 to
30 cm (Riordan 1991). Buffalograss is drought, heat, and cold resistant (Wenger 1943;
Riordan 1991). Buffalograss has both female and male plants. It reproduces through seed,
surface runners, and stolons (Nuland et al. 1981). Buffalograss has an important use in
home lawns, roadsides to help prevent erosion, cemeteries, golf course roughs, and other
turfgrass areas. In its native habitat, buffalograss is used as forage by white-tailed deer,
bison, pronghorns, jackrabbits, and prairie dogs (Wenger 1943). Buffalograss has gained
popularity as a lawn turfgrass because of its low maintenance requirements, drought
tolerance, and limited number of arthropod pests and diseases (Pozarnsky 1983; Riordan
1991).
Buffalograss has relatively few arthropod pests. Among the arthropods of concern
are white grubs; grasshoppers; leafhoppers; mound-building prairie ants; the buffalograss
webworm; the Rhodesgrass mealybug; eriophyid mites; and two grass feeding mealybugs
(Tridiscus sporoboli and Trionymus sp.) (Baxendale et al. 1994, Chada and Wood 1960,
Crocker et al. 1984, Pfadt 1984, Reinhart 1940, Sorenson and Thompson 1979, Wenger
1943). Heng-Moss et al. (1998) reported several beneficial arthropods including big-eyed
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bugs, ground beetles, rove beetles, spiders, ants, and numerous hymenopterous
parasitoids in established buffalograss.
Over the years, chinch bugs have emerged as pests of greater concern due to their
damage potential to crops and turfgrasses. The common chinch bug, Blissus leucopterus
leucopterus (Say), the hairy chinch bug, B. l. hirtus Montandon, the southern chinch bug,
B. insularis Barber, and B. occiduus Barber are common pests in the United States
(Vittum et al. 1999). Chinch bugs feed on plant tissue by piercing through the xylem
tissues and withdrawing sap from the phloem (Painter, 1928). Chinch bugs feed
predominately in the crown area and stolons. Damage symptoms due to chinch bug
feeding include initial reddish discoloration of the plant tissue followed by
yellowing/browning of turf, thinning of the leaf blades, and under severe insect pressure
death of the turfgrass stand (Baxendale et al. 1999).
Blissus leucopterus leucopterus. The common chinch bug, B. leucopterus
leucopterus (Say), is considered a serious pest of corn, sorghum, and wheat. It can be
found in the Midwest region, as well as Maine, Wisconsin, Minnesota, Louisiana, and
Alabama. Preferred hosts of B. leucopterus leucopterus includes wheat, sorghum, corn,
bermudagrass, Kentucky bluegrass, zoysiagrass, foxtail grass, timothy grass, perennial
ryegrass, fescues, and crabgrass (Leonard 1966, Potter 1998, and Reinert et al. 1995).
Blissus leucopterus leucopterus overwinter as adults mainly in bunch grasses and
under plant debris. The common chinch bug has two to three generations per year,
depending on its geographic location (Vittum et al. 1999).
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The most common approach for controlling B. leucopterus leucopterus involves
the use of insecticides and resistant cultivars. Chinch bug-resistant cultivars are available
for sorghum, wheat, and corn, but relatively few resistant turfgrasses are available
(Ahmad et al. 1984; Mize et al. 1986; Lynch et al. 1987). Ahmad et al. (1984) found
very few Kentucky bluegrass, bermudagrass, and St. Augustinegrass genotypes resistant
to B. leucopterus leucopterus. Studies evaluating bermudagrasses for resistance to B.
leucopterus leucopterus found a limited number of cultivars with resistance. The
categories of resistance were determined to be antibiosis and antixenosis (Lynch et al.
1987).
Blissus leucopterus hirtus. The hairy chinch bug, B. l. hirtus, is commonly found
in cool-season turfgrasses including fescues, perennial ryegrasses, Kentucky bluegrass,
and timothy grass. Blissus l. hirtus has also been found associated with bentgrass and
several warm-season turfgrasses (Vittum et al. 1999). The hairy chinch bug‟s range is
throughout the northeastern region including Minnesota, New England, Virginia,
Ontatario, and Mid-Atlantic States (Vittum et al. 1999).
Blissus l. hirtus overwinters as an adult in the thatch area of turf, leaf litter, and
tall grass clumps. Depending on location, the hairy chinch bug has one to two generations
per year (Leonard 1966, Vittum et al. 1999).
Management approaches for hairy chinch bug include cultural practices,
insecticides, and resistant cultivars. Cultivars with resistance to the hairy chinch bug have
been developed and released for perennial ryegrass and Kentucky bluegrass (Vittum et al.
1999; Baker et al. 1981). Baker et al. (1981) found 17 Kentucky bluegrass cultivars with
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resistance to B. l. hirtus. Ratcliffe (1982) found the perennial ryegrass cultivars „Score‟,
„Pennfine‟, and Manhattan‟ to be resistant to B. l. hirtus under field conditions. The use
of endophyte-enhanced turfgrasses can be another effective approach for controlling
chinch bugs. Saha et al. (1987) documented fine-leaf fescues infected with endophytes
enhanced plant resistance to B. leucopterus hirtus. Endophytes frequently produce several
secondary metabolites including indoles, diterpenes, ergot alkaloids, ergovaline, and
holitrem which can enhance a plant‟s resistance to insect feeding (Richmond and Shetlar
2000; Yue et al. 2000).
Blissus insularis. The southern chinch bug, B. insularis, is a major pest of St.
Augustinegrass (Vittum et al. 1999). It is commonly found in the southern United States
extending throughout California, Florida, and Texas.
B. insularis has three or more generations per year. In northern Florida, the
southern chinch bug produces three to four generations per year, while in southern
Florida, the number of generations per year ranges from seven to ten. In northern Florida,
B. insularis overwinter as adults, whereas in southern Florida both adult and nymph are
active year round (Vittum et al. 1999).
Historically, insecticides have been the primary approach used to control southern
chinch bugs. Over the years, B. insularis has developed resistance to several chemicals
including DDT, chlorinated hydrocarbons, and organophosphate insecticides (Reinert and
Portier 1983). Insecticide resistance occurs more frequently because of prolonged usage
of certain insecticides further emphasizing the need to develop effective, alternative
management strategies for chinch bugs. One viable pest management strategy relies on
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the use of cultivars with resistance to the southern chinch bug. As an example, Floratam,
„Floralawn‟, and „FX10‟ are St. Augustinegrass cultivars with resistance to the southern
chinch bug (Reinert 1972; Reinert et al. 1980). Category studies identified these three St.
Augustinegrass as antibiotic. The emergence of insect biotypes has often made resistant
cultivars vulnerable to herbivory, especially if the resistance is based on a single or at
most a few genes (Busey and Center 1987). The development of SCB biotypes with the
emphasizes the need to identify additional alternative resistant categories and/or
mechanisms.
Blissus occiduus. Blissus occiduus Barber, has previously been reported as
potential pest of forage grasses, barley, corn, oat, wheat, and an important pest of
buffalograss (Baxendale et al. 1999). Blissus occiduus is widely distributed in the US and
Canada and has been found in California, Colorado, Montana, Nebraska, and New
Mexico and Alberta, Bristish Columbia, Manitoba, and Saskatchewan in Canada (Bird
and Mitchener, 1950; Slater, 1964; Baxendale et al. 1999). Blissus occiduus has a wide
host range that includes corn, wheat, barley, sugarcane, brome, and buffalograss (Ferris
1920, Bird et al. 1950, Baxendale et al. 1999). Alternative hosts for B. occiduus includes
Kentucky bluegrass, zoysiagrass, perennial ryegrass, tall fescue, bermudagrass, sorghum,
yellow foxtail, and green foxtail (Eickhoff et al. 2004).
Blissus occiduus has two generations per year. The first generation is present from
mid-May through early or mid-August, while the second generation is present from July
till late October. Blissus occiduus overwinters as adults in crevices and patchy areas of
buffalograss stands (Baxendale et al. 1999).
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Management approaches for the western chinch bug include cultural practices
such as proper irrigation, mowing, fertilization, and insecticides (Baxendale and
Gaussion 1997). Heng-Moss et al. (2003) and Gulsen et al. (2004) identified
buffalograsses with resistance to chinch bug feeding.
Heng-Moss et al. (2002) reported 11 buffalograss cultivars with varying levels of
resistance to chinch bug feeding. The results from this evaluation of chinch bug damage
revealed the cultivars „Prestige‟, „Tatanka‟, „Bonnie Brae‟, and „Cody‟ were highly to
moderately resistant to chinch bug feeding, whereas, the cultivar „378‟ was highly
susceptible. No-choice studies identified Cody, Tatanka, and Prestige as tolerant to
chinch bugs (Heng-Moss et al. 2003). Prestige also exhibited antixenosis, while, Cody
and Tatanka showed moderate levels of antixenosis to chinch bugs. No-choice studies
also documented the absence of antibiosis in the resistant cultivars (Heng-Moss et al.
2003). Osman et al. (2004) evaluated 48 buffalograss genotypes for resistance to B.
occiduus and found „Prestige‟, „196‟, and „PX3-5-1‟ with resistance to chinch bug
feeding; 19 genotypes were designated as susceptible.
Plant Resistance. The above review provides evidence that plant resistance can be a
viable management option for chinch bugs. Plant resistance is the outcome of heritable
traits that allow resistant plants to sustain less damage than plants without these traits
(Smith 2005). There are three plant resistance categories: antibiosis, antixenosis, and
tolerance. Antibiosis adversely affects the biology of the insect including insect
development, fecundity, size, and survival (Painter, 1968). Antibiosis is also known as
vertical gene resistance, monogenic resistance, and single gene resistance (Painter, 1968;
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Smith, 2005). A resistant plant with antibiotic properties can adversely affect the insect‟s
biology through production of toxins such as nicotine, rotenone, pyrethrum, or DIMBOA
(Norris 1986). The second category, antixenosis, adversely affects the behavior of the
insect (Smith, 2005). Resistant plants with antixenotic properties use physical barriers or
allelochemicals as defensive strategies towards insects. Examples of physical barriers
include glandular, non-glandular or waxy surfaces, trichomes, increased thickness or
lignifications of the plant tissues, or the color of the plant tissue. Allelochemical factors
can serve as repellants, deterrents, antifedants, or toxins (Smith, 2005). Unlike the
previous two categories, the third category, tolerance, involves the plant‟s response to the
insect. It is also known as horizontal resistance or polygenic resistance (Painter, 1968;
Smith, 2005). Tolerance has minimal impact on the insect pest, and hence does not
impose significant selection pressure on the pest insect (Painter, 1968).
Identifying the mechanisms underlying insect resistance is an important next step
in developing resistant sources and understanding how plants defend themselves from
insect feeding (Heng-Moss et al. 2002; Panda and Khush 1995). Tolerant plants are
generally able to sustain less damage than susceptible plants under the same level of
insect pressure (Smith, 2005). One possible defense mechanism involved in the tolerance
response in plants may be the production of reactive oxygen species (ROS). Abiotic and
biotic stress factors lead to the production of toxic ROS and reactive nitrogen species
(RNS). These molecules include hydroxide peroxide, superoxide, hydroxide radicals, and
nitric oxide (Apel and Hirt, 2004). These chemicals are the by-products of normal aerobic
respiration and are usually toxic to plant cells at higher levels. Under normal plant growth
conditions, these molecules are present in the cells at low levels and when the plant faces
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adverse conditions, production is increased as a defense mechanism against a stress or in
response to cellular damage. The presence of these reactive molecules at high cellular
levels can damage plant DNA and cellular activity. Hence plants have numerous ways to
detoxify these toxic molecules. As an example, superoxide is neutralized by superoxide
dismutase. However, this reaction also produces H2O2 which must be eliminated by
peroxidases and catalases (Schenk et al. 2000).
Plant resistance mechanisms may involve the formation of ROS and RNS in plant
tissues upon insect herbivory (Apel and Hirt, 2004). ROS can play multiple roles in
plants following insect feeding; for example, ROS can act as signaling molecules for
plant defense pathways leads to the increased production of peroxidase and catalase to
detoxify ROS that accumulate in response to stress, and functions as a deterrant for insect
feeding. It has been hypothesized that resistant plants can effectively detoxify the
elevated levels of these toxic compounds because of enhanced activities of ROSscavenging enzymes and molecules, while susceptible genotypes are unable to effectively
detoxify these chemicals and as a result suffer greater damage (Hildebrand et al. 1986;
Heng-Moss et al. 2004; Gutsche et al. 2009). Two key classes of enzymes involved in
removing ROS in plant cells are catalases and peroxidases. Both groups of enzymes are
heme-containing proteins. The principal function of catalases is to convert hydrogen
peroxide to water and molecular oxygen. Catalases are predominately localized in
peroxisomes. Peroxidases comprise a large family of related proteins that catalyze the
conversion of hydrogen peroxide to water in the presence of an electron acceptor.
However, peroxidases can also form hydrogen peroxide (Apel and Hirt, 2004; Passardi et
al. 2004). In addition to detoxifying ROS, peroxidases have other functions in the cell
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including cell wall lignification and degradation, auxin catabolism, defense responses to
insects, pathogens, and physical wounding. They also provide downstream signaling
molecules for other transduction pathways (Lagrimini, 1991; Gazaryan and Lagrimini,
1996; Dowd and Lagrimini, 1997; Ye et al. 1990; Hiraga et al. 2001; Welinder et al.
2002; Allison and Schultz et al. 2004). Plants have a network of signaling pathways in
response to stresses including jasmonic acid (JA) and salicyclic acid (SA) (Apel and Hirt,
2004). JA plays a dominant role in many stress responses and can interact with other
signal transduction pathways. SA is crucial for initiating systematic responses in plants
challenged by pathogens. In both instances, hydrogen peroxide appears to be utilized as a
signaling molecule, particularly in response to insect herbivory and pathogen attack
(Levine et al. 1994). Several researchers have found that in response to stress, transcript
levels for many antioxidant enzymes increased in tobacco and Arabidopsis (Desikan et al.
1998; Mittler et al. 1999; Liu et al. 2010). These studies suggest that changes in levels or
activities of specific antioxidant enzymes are ROS-dependent and the relationship
between ROS and antioxidant enzymes such as peroxidases are important in plant
response to insect herbivory and other stress factors.
Because catalase has a high turnover rate for hydrogen peroxide, and hydrogen
peroxide may be involved in plant response to wounding several researchers have
examined the activity of catalase in plants response to insect herbivory. Heng-Moss et al.
(2004) documented a loss in catalase activity in a susceptible buffalograss cultivar in
response to western chinch bug feeding, while the resistant cultivar maintained its
catalase activity. However, Rangasamy et al. (2009) reported no change in catalase
activity in any of the antibiotic St. Augustinegrass cultivars in response to southern
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chinch bug feeding. Interestingly, Ni et al. (2001) and Novak (2002) reported no changes
in catalase and polyphenol oxidase activities in response to aphid feeding. These data
suggest that changes in catalase and polyphenol oxidase levels could be influenced by
both plant (genotype) and insect herbivore.
Jerez (1998), Miller et al. (1994), Rafi et al. (1996), and Heng-Moss et al. (2004)
documented changes in protein and enzyme profiles of resistant cultivars in response to
insect feeding. Herbivory changed protein profiles and the level of oxidative enzymes in
both resistant and susceptible genotypes (Chaman et al. 2001; Felton et al. 1994a and b;
Green and Ryan, 1972; Heng-Moss et al. 2004; Hildebrand et al. 1986; Hiraga et al.
2000; Jerez, 1998; Miller et al. 1994; Murugesan et al. 2009; Rafi et al. 1996; Stout et al.
1999; Ni et al. 2001). These studies confirmed up-regulation of peroxidases in response
to insect herbivory. Chaman et al. (2001) evaluated the effect of aphid infestation on
barley and suggested peroxidase activity increased as time of infestation increased; older
plants were more vulnerable than younger plants. Peroxidase activity was higher in
aphid-infested plants relative to uninfested plants. Removal of aphids from infested plants
lowered the level of peroxidases similar to those observed for control plants.
Isoelectrofocusing (IEF) analysis showed changes in isoform patterns in response to
aphid infestation and indicated many peroxidases were up-regulated in response to aphid
feeding. In soybean, resistant-plants expressed higher levels of peroxidase activity after
being challenged with mites (Hildebrand et al. 1986). Stout et al. (1999) found increased
levels of peroxidases in tomato plants in response to herbivory and exposure to pathogen.
Allison and Schultz (2004) documented 16 peroxidase isozymes in northern red oak in
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response to gypsy moth herbivory, mechanical wounding, jasmonic acid, and salicylic
acid.
Difference in the expression of peroxidases suggests that plants could have a
specific response to mechanical wounding relative to insect feeding. However, there is
limited information on how specific peroxidase(s) contribute to particular stresses.
Numerous researchers have shown that the expression of peroxidases accompanies
resistant traits in plants, however, the specific mechanism underlying the resistant traits is
limited and further research is needed to examine the role of other oxidative enzymes
such as catalase, lipoxygenase, superoxide dismutase, polyphenol oxidase in plant
defense mechanisms. In addition, future research should focus on to identifying
antioxidant genes that contribute to the resistance traits, understanding the physiological
and molecular mechanisms of resistance, and facilitating genetic manipulation to enhance
the plant‟s ability to cope with biotic and abiotic stressors.
THESIS OBJECTIVES
The focus of this research was to understand the resistance mechanisms exhibited
by buffalograss in response to chinch bug feeding, using two contrasting buffalograsses,
Prestige and 378. As discussed earlier, Prestige exhibits tolerance to B. occiduus while
378 is highly susceptible. The hypothesis tested stated that buffalograss accumulates ROS
such as hydrogen peroxide in response to chinch bug feeding. I speculated that the
tolerant buffalograss cultivar Prestige produces both greater levels of ROS and ROSdetoxifying enzymes, such as peroxidases under chinch bug feeding pressure as
compared to the susceptible 378 plants. The objectives of this research were to: 1)
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document hydrogen peroxide accumulation in both the resistant buffalograss Prestige and
the susceptible buffalograss 378; 2) document the localization of catalase activity in
Prestige and 378; and 3) examine the enzyme activity of peroxidase and catalase in these
two cultivars in response to chinch bug feeding.
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CHAPTER 2
LOCALIZATION OF HYDROGEN PEROXIDE AND CATALASE IN
RESISTANT AND SUSCEPTIBLE BUFFALOGRASS IN RESPONSE TO B.
OCCIDUUS FEEDING AND MECHANICAL WOUNDING
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INTRODUCTION
Over the past few decades, buffalograss has gained popularity as a turfgrass
because of its low maintenance requirement, drought tolerance, and limited pests and
diseases (Pozarnsky 1983; Riordan 1991). Buffalograss usually requires less irrigation,
mowing, and insecticide application than many other turgrasses. Practical uses of
buffalograss include parks, home lawns, and golf course roughs. In addition, buffalograss
can also be used for erosion control on areas constantly exposed to wind, and drought
(Riordan 1991). Buffalograss is believed to be relatively pest free. However, the chinch
bug, Blissus occiduus Barber, has emerged has important buffalograss pest. The usual
management approach for chinch bugs involve chemical control. However, repeated
application of insecticides can have multiple negative impacts on the environment, other
non-targeted organisms, and hasten development of insecticide-resistant of biotypes
(Smith 2005). These negative impacts have spurned research into alternative means of
enhancing plant resistance (tolerance) to insect herbivory (Heng-Moss et al. 2004). One
of these approaches involves develop resistant plant cultivars which have broad-based
physiological mechanisms to cope with insect feeding.
Multiple studies have identified resistant cultivars to chinch bugs in major crops
such as wheat, corn, and small grain (Panda and Khush, 1995; Souza et al. 1997a, b; Lage
et al. 2004; Martin and Harvey 1995, 1997; Hill et al. 2004; Onstad 2001; Malvar et al.
2004; Bughrara et al. 2003; Reay-Jones et al. 2003; Liu and Trumble 2004; Porter and
Mornhingweg 2004). However, relatively little work has been devoted to developing
resistant cultivars in turfgrasses (Martin 2004). Identification and development of
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resistant cultivars as part of an integrated pest management system would help minimize
the negative impacts of pesticide on the environment and human health.
Plants have complex systems to adapt to abiotic and biotic stressors. Among the
response to stress is increased production of reactive oxygen species (ROS). ROS include
a variety of short- and long-lived molecules such as superoxide, hydroxyl radicals and
hydrogen peroxide (Apel and Hirt, 2004). The unhindered accumulation of ROS is toxic
to plant tissue, and can result in DNA damage, and loss of other cellular activities. Under
normal conditions, ROS are produced as by-products of a variety of metabolic pathways
and are detoxified by an extensive and effective cellular scavenging mechanism (Apel
and Hirt, 2004). However, when challenged by stressors, plants usually produce higher
amounts of ROS, which act as a part of the innate immunity of plants. In addition to
being a toxicant, ROS, especially hydrogen peroxide, can serve as a secondary messenger
in signaling pathways that ultimately alter gene expression, including those of various
oxidative enzymes that detoxify ROS (Apel and Hirt, 2004). Hydrogen peroxide and
other ROS can alter gene expression in three different ways: first they can trigger
signaling within multiple pathways through ROS-sensors that eventually changes gene
expression; secondly, they could directly affect chemical compounds critical in signaling
pathways; and lastly, through chemical modification that alter the activity of transcription
factors (Apel and Hirt, 2004). Gene expression is determined by the interactions of
transcription factors with cis-elements present on the promoter regions of genes. By
modulating the binding activity of transcription factors, hydrogen peroxide can indirectly
manipulate gene expression of proteins.
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Plant resistance mechanisms in plants are frequently found associated with upregulation or down-regulation of oxidative enzymes such as superoxide dismutase,
catalase, and peroxidase (Chaman et al. 2001; Constabel et al. 2000; Felton et al. 1994a
and b; Green and Ryan, 1972; Heng-Moss et al. 2004; Hildebrand et al. 1986; Hiraga et
al. 2000; Jerez, 1998; Miller et al. 1994; Murugesan et al. 2009; Ni et al. 2001; Rafi et al.
1996; Stout et al. 1999). In buffalograsses, the tolerant response appeared to be associated
with higher levels of peroxidase activity (Heng-Moss et al. 2004; Gulsen et al. 2007;
Gulsen et al. 2010). These studies suggest that the increase in activity and/or protein
levels of (specific) peroxidases were either the result of or the response to enhanced
levels of endogenous peroxide. In addition, numerous studies have shown that oxidative
enzymes are highly correlated with defense mechanism in resistant plants (see above);
however, changes in the levels of ROS, especially hydrogen peroxide, as a function of
insect feeding have not been well-studied for buffalograss-chinch bug interactions.
Current understanding of the tolerant response in plants indicates a significant role for
hydrogen peroxide. Therefore, the objectives of this research were to document the
accumulation of hydrogen peroxide and localization of catalase activities in both control
and B. occiduus challenged buffalograsses, using the resistant genotype, „Prestige‟, and
the susceptible genotype, „378‟.
MATERIALS AND METHODS
Buffalograsses. Two buffalograsses were selected for this study: a resistant
cultivar, „Prestige‟ and a susceptible cultivar 378 (Heng-Moss et al. 2002). Turf-soil
cores of Prestige and 378 were extracted from buffalograss plots at the John Seaton
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Anderson Turfgrass and Ornamental Research Facility, University of Nebraska
Agricultural Research and Development Center located near Mead, Nebraska. The
extracted buffalograss plants were planted in a mixture of sand-soil-peat-perlite in a
0.66:0.33:1:1 ratio and maintained in a greenhouse under 400-W high intensity density
lamps with a photoperiod of 16:8 (L:D) hour and temperatures at 28 ± 2˚ C. The
buffalograss plants were allowed to develop and grow in pots for 2 to 4 weeks before
initiating the experiments.
Chinch Bugs. Western chinch bugs were collected from buffalograss plots at the
John Seaton Anderson Turfgrass and Ornamental Research Facility and buffalograss
lawns at the University of Nebraska-Lincoln East Campus. Chinch bugs were heldt for 12
hours in the laboratory before introducing healthy individuals CB onto the plants. Five
fourth and fifth instars were introduced onto a randomly selected leave blade confined in
a square clip cage with an open 1.5cm in diameter circle in the middle (Figure 14).
Mechanical Wounding. Buffalograss leaves were randomly wounded 15 times
with a thin needle (size: Tam 10/13). Wounding of leaf blade was carried out solely in the
area confined in the clip cage.
Experimental Design. Plants were arranged in a completely randomized
design with three replications per treatment. The treatment design was a 2 by 2 by 3
factorial (two buffalograss cultivars, two chinch bug treatments (0 or 5 chinch bugs), and
three sample dates (5, 8, and 11 days after chinch bug introduction).
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Sample Collection. Five, 8, and 11 days after chinch bug introduction or
mechanical wounding with the needle, the clip cage enclosed leaf blade was separated
from the remainder of the leaf blade. Visual damage ratings were performed at the time
of sample collection using a 1 to 5 scale, where 1 was less than 10% damage, 2 was 1130% damage, 3 was 31-50% damage, 4 was 51-70% damage, and 5 was greater than ≥
71% of damage (Heng-Moss et al. 2002). Damage was characterized as discoloration of
the leaf section and leaf necrosis.
Preparation of Tissue Samples. Leaf samples were sliced into 1-2 mm sections
with a razor blade and placed in a buffer solution(see below). Leaf sections were
subjected to mild air vacuum to enhance chemical penetration into cells and remove
trapped air bubbles.
Staining Methods. Hydrogen peroxide detection in buffalograss was performed
using two staining methods, an indirect method using 1, 3-diaminobenzidine
hydrochloride (DAB) (Thordal-Christensen et al. 1997), and a direct method using
Cerium (III) chloride (Bestwick et al. 1997).
Indirect staining method: Hydrogen peroxide localization in leaf tissues was
detected by staining plant tissues with a freshly prepared solution of DAB (1mg ml-1) in
0.1M phosphate buffer, pH of 5.8, containing 0.1% TritonX-100. Control tissues were
incubated in a buffer without DAB for 5 minutes (Thordal-Christensen et al. 1997). Plant
samples were then washed for 1 min with 0.1M phosphate buffer, pH 5.8. Reactions were
stopped by boiling leaf sections in 96% ethanol for 10 minutes. Samples were stored in a
refrigerator until they were embedded in paraffin and sectioned to obtain ~ 20 µm thick
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sections. Embedding in paraffin and sectioning were performed at the Veterinary
Diagnostic Center, University of Nebraska at Lincoln. Sections were photographed
using a light microscope without prior removal of paraffin. Initial experiments showed
that the colored precipitate was soluble in all solvents used to remove paraffin.
Direct staining method. Localization of hydrogen peroxide in plant tissues was
also conducted using cerium chloride (Bestwick et al. 1997). Leaf sections were
incubated for 1 hour in a freshly prepared solution of 10 mM Cerium (III) chloride in 50
mM MOPS-NaOH buffer, pH7.2. Control tissues were incubated in buffer without
Cerium (III) chloride for 1 hour at room temperature. Plant tissues were washed briefly in
MOPS-NaOH buffer and transferred to Karnowsky‟s fixative (2% paraformaldehyde and
2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2) for 1 hour. Next, tissues were
rinsed in phosphate buffer two times for 20 minutes, prior to dehydration in a graded
sequence of alcohol. Dehydrated tissues were embedded in epoxy resin (Spurr‟s),
sectioned on an ultramicrotome using a diamond knife. Sections were floated into copper
grids, post-stained with uranyl acetate and observed in an electron microscope as
described earlier (Baird and Reid, 1992). Localization of catalase accumulation was
monitored using a DAB-method described by Van Noorden and Frederiks (1992). After
plant samples were harvested and sliced into small sections, sections were fixed with
0.3% glutaraldehyde for 5 minutes at room temperature, rinsed three times with distilled
water before incubation in a 2% solution of polyvinyl alcohol in 0.1 M glycine-NaOH
buffer, pH 10.5 containing 5mM DAB and 18mM (0.6%) hydrogen peroxide for 30
minutes at room temperature. Sections were rinsed in distilled water and cryosectioned.
Control plant tissues were first pre-incubated in the presence of 50mM 3-amino-1,2,4-

21

triazole (catalase inhibitor) and then in substrate solution (Van Noorden and Frederiks,
1992).
Mechanical wounding. Leaves of both 378 and Prestige plants were mechanically
wounded by puncturing leaves 15 times with a 15 gauge needle. Leaves from wounded
and control plants were collected after 5, 8 and 11 days and subjected to DAB staining to
visualize hydrogen peroxide accumulation. Sections were cut on a cyrostat after
embedding in OCT medium as described above.
To help orient the reader, the basic anatomy of a buffalograss leaf is shown in
Figure 1. The base unit of the leaf is a vascular bundle containing xylem and phloem
(VT). Each VT is surrounded by a single layer of large bundle sheath cells (BSC),
enclosed by mesophyll cells (M). Each “base unit” containing a vascular trace and
associated BSC and M cells are separated by large, vacuolated bulliform cells (BC).
Stomata (St) occur on the epidermis. This figure illustrates the potential complexity of
the tissue types and inter- and intra-cellular communications that might occur in
buffalograss leaves subjected to wounding.
RESULTS
Localization of hydrogen peroxide using DAB
For these experiments, the portion of the leaf blade within the clip cage was
analyzed for hydrogen peroxide localization using DAB as described in the methods. In
the presence of hydrogen peroxide and endogenous peroxidases, DAB is reduced to
produce a pink-colored precipitate that can be observed by light microscopy of cleared
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and/or cryosectioned tissues. Five day after treatment, there was no observable H2O2
accumulation in either infested 378 and Prestige (Figures 2B, 2D). However, there was a
small level H2O2 accumulation in control 378 and Prestige plants (Figures 2A, 2C). At
day 8, there was no H2O2 in either 378 or Prestige control plants (Figures 3A, 3C), while
both infested 378 and Prestige plants had H2O2 accumulation (Figures 3B, 3D). At day
11, 378 control plants showed no trace of H2O2 (Figure 4A) and infested 378 plants
showed a substantial H2O2 accumulation indicated by the intensity of the pink color
(Figure 4B). There were light traces of H2O2 accumulation in Prestige control and
infested plants (Figures 4C, 4D). Accumulation of hydrogen peroxide was observed in
the different tissue types of the leaves (see Figure 1), but was mostly visible in the BS, M
and VT cells.
Localization of hydrogen peroxide using cerium (III) chloride
To localize hydrogen peroxide at the ultrastructural level and to obtain
independent confirmation for the data obtained at the light microscopy level, cerium (III)
chloride was used to detect hydrogen peroxide in leaf tissues. In the presence of hydrogen
peroxide and endogenous peroxidases, CeCl3 forms an electron-opaque insoluble
precipitate (Bestwick et al. 1997).
According to the CeCl3 staining results, there was no or minimal H2O2 observed
in leaf tissues obtained from either control or infested plants 5 days post infestation,
(Figures 5A-D). At day 8 after chinch bug introduction, there was no trace of precipitates
attributable to H2O2 in either 378 and Prestige control samples (Figures 6A, 6C).
However, H2O2 was detected in leaf samples obtained from chinch bug infested plants.
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Infested Prestige plants showed greater amounts of H2O2 accumulation than infested 378
plants as indicated by the greater intensity of the cerium deposits along the edges of the
xylem and xylem parenchyma (indicated by arrows in Figures 6B, 6D). At day 11, 378
and Prestige control plants showed no trace of H2O2 similar to control samples from the
other days (Figures 7A, 7C). In contrast, infested 378 and Prestige plants showed a
further increase in the amount of H2O2 accumulation relative to day 8 infested samples
(Figures 7B, 7D). Furthermore, infested Prestige (Figure 7D) showed slightly more H2O2
as compared to leaf tissues from infested 378 plants. As the time of chinch bug
infestation progressed, both infested 378 and Prestige plants showed an increase in H2O2
levels, however, infested Prestige plants exhibited a greater increase in apparent H 2O2
levels at days 8 and 11 as compared to infested 378 at the same time points.
Localization of catalases using DAB
Catalases play a key role in removing hydrogen peroxide from cells (Lehninger,
Nelson, and Cox, 2005) and have been shown to play a role in a plant‟s response to insect
herbivory (Heng-Moss et al. 2004). Here, the relative activity of catalase in buffalograss
plants with or without chinch bug infestations were evaluated by light microscopy.
Catalase activity was detected with DAB and H2O2 as described in the methods section.
The resulting precipitate imparts a brownish color to catalase containing areas. An
inhibitor of the catalase enzyme, 3-amino-1,2,4-triazole was used to abolish catalase
activity. Differences in DAB staining intensity between samples incubated with or
without the inhibitor reveal the relative amount of catalase activity. In the presence of the
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inhibitor, staining intensity can be attributed to both endogenous peroxide, peroxidases
and other components that can react with DAB to produce a colored precipitate.
Catalase activity in 378 and Prestige control leaves at day 5 was mainly found in
the mesophyll cells, with some staining observed near the cell peripheries of the bundle
sheath and bulliform cells (Figures 8E, 8G). Chinch bug infested leaves from both 378
and Prestige plants were more deeply stained, suggesting greater catalase activity was
present in these samples (Figures 8F, 8H). DAB product was found in both mesophyll
and bundle sheath cells in 378 plants, but was mainly localized to the mesophyll cells in
Prestige leaves. Comparable leaf tissues treated with a catalase inhibitor then
subsequently stained with DAB indicated that deposition of product was frequently
observed in the vascular tissues (indicated by arrows in Figures 8J, 8L). This is consistent
with peroxide localization at the ultrastructural level (see above). At day 8, there were no
apparent differences in catalase activities in the control 378 and Prestige plants when
compared to their staining intensities at day 5 (Figures 9E, 9I, 9G, 9K). For samples
obtained from insect-challenged plants, the mesophyll cells were more intensely stained
for both 378 and Prestige plants as compared to the control samples (Figures 9F, 9H).
Background staining (+ inhibitor) in insect-challenged Prestige plants was more intense
than those observed for 378 leaves, indicating that Prestige plants infested with chinch
bugs likely had greater levels of peroxides and/or peroxidases (Figures 9 J, 9K). At day
11, catalase activity was still evident in the control plants (Figures 10E, 10G) and these
leaves appeared to show limited signs of senescence. In contrast, both infested 378 and
Prestige plant tissues had begun to senesce and the chlorophyll content had decreased
compared to plants tissues at day 5 and 8 (Figures 10B, 10D). Comparing the samples
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from infested 378 and Prestige leaves indicated a greater amount of catalase activity in
Prestige relative to 378, since there was virtually no staining in Prestige leaf samples first
incubated with the catalase inhibitor (compare Figure 10F and 10J versus 10H and 10L).
More intense non-specific DAB staining was seen in the vascular tissue in insectchallenged Prestige leaves (indicated by arrow in Figure 10L).
Localization of hydrogen peroxide with DAB in response to mechanical wounding
For some plant system, the different types of wounding trigger different defense
response. Does wounding caused by the chinch bug‟s piercing mechanism trigger a
similar defense response as mechanical wounding? This experiment examined H2O2
accumulation with DAB staining in response to mechanical wounding.
At day 5, 378 control plants exhibited some H2O2 accumulation, while
mechanically-wounded 378 plants exhibited little H2O2 accumulation in the mesophyll
cells, bundle sheath cells, and vascular tissues (Figures 11A, 11B). In contrast, control
plants had slightly less accumulation than its mechanically-wounded Prestige
counterparts (Figures 11C, 11D). Control and mechanically wounded 378 plants at day 8
showed a similar pattern of H2O2 to day 5 (Figures 12A, 12B). Control Prestige plants
had relatively little H2O2, by contrast, mechanically-wounded Prestige plants had a
substantial amount of H2O2 accumulation in mesophyll cells, bundle sheath cells, and
vascular tissues (Figures 12C, 12D). At 11 days after chinch bug introduction, control
378 plants had little H2O2 accumulation, while mechanically-wounded 378 plants had an
increase in H2O2 accumulation (Figures 13A, 13B). Control and mechanically wounded
Prestige plants showed similar amounts of H2O2 accumulation (Figures 13C, 13D).
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DISCUSSION
Localization of hydrogen peroxide with DAB
DAB staining is a commonly used method for detection of hydrogen peroxide
accumulation (Thordal-Christensen et al. 1992, Kerby and Somerville, 1989, Kogel et al.
1994, Scott-Craig et a. 1995). In the presence of hydrogen peroxide and suitable enzymes
such as peroxidases or catalases, DAB forms an insoluble colored polymer. According to
the results from the DAB staining experiment shown in Figures 2-4, chinch bug-infested
378 plants exhibited a gradual increase in H2O2 level with increasing length of chinch bug
feeding, while in infested Prestige plants, an increase in H2O2 levels reached a maximum
at day 8 and has decreased by day 11. The results from the DAB staining method indicate
that one of the plant‟s defense responses to chinch bug feeding is related to an increase in
H2O2 production. This increase in ROS apparently occurs initially in both the resistant
and susceptible genotypes, but decreases between day 8 and day 11 in the resistant
genotype, but not in susceptible plants. The decrease in level of H2O2 in infested Prestige
plants could be interpreted as a result of effective detoxification of these ROS
compounds, especially H2O2, by the action of oxidative enzymes such as catalase and
peroxidase. These results are consistent with the hypotheses of Heng-Moss et al. (2002)
and Gulsen et al. (2010), that resistant plants are able tolerate chinch bug feeding by
elevating the level of H2O2 and increasing production of oxidative enzymes to detoxify
these toxic compounds.
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Localization of hydrogen peroxide with Cerium (III) chloride
The cerium (III) chloride method is another staining method for detection of
hydrogen peroxide. Cerium chloride reacts with hydrogen peroxide to produce electrondense insoluble precipitates of cerium perohydroxides (Ce(OH)3OOH). This technique
allows detection of hydrogen peroxide accumulation or production. Bestwick et al.
(1997) demonstrated hydrogen peroxide production in response to pathogen invasion in
lettuce cell walls employing cerium chloride staining technique. Using this technique,
little if any hydrogen peroxide accumulation was detected in control plants of either
genotypes at the time points sampled. In contrast, increasing levels of precipitate
attributable to H2O2 were observed for both genotypes infested with chinch bugs. The
apparent levels of peroxide was always greater in the resistant Prestige plants relative to
the chinch bug susceptible 378 plants, thus as the time of infestation increased, the
amount of hydrogen peroxide accumulation also increased. It is possible that wounding
by chinch bugs induces hydrogen peroxide accumulation, especially in the xylem. Since
hydrogen peroxide also serves as a secondary messenger, it could alter gene expression of
ROS-related enzymes both at the site of wounding and distally through movement in the
transpiration stream. Although the accumulation of ROS, such as H 2O2 appears to be
important in a plant‟s response to insect feeding, the ability to detoxify these compounds
also appears to be part of the resistance response. Thus, as a chinch bug tolerant cultivar,
Prestige produces more hydrogen peroxide that could enhance gene expression of ROSrelated enzymes and allows the plant to better withstand increased herbivory compared to
the susceptible 378 plants. Heng-Moss et al. (2004) and Gulsen et al. (2010)
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demonstrated an increased in peroxidase activity in resistant genotypes to be positively
correlated with resistant mechanisms in buffalograss to chinch bug feeding.
Localization of catalase activity
At various intervals after treatment, leaf tissues within clip cages were collected
for examination. The leaf tissues from this experiment were treated with DAB to
visualize the localization of catalase. A catalase inhibitor 3-amino-1,2,4-triazole was used
to obtain data on catalase-specific versus non-specific activities. Polymerization of DAB
upon contact with catalase can be viewed under light microscopy (Van Dijken et al.
1975; Yokota and Nagata, 1977; Veenhuis and Wendelarr Bonga, 1979; Beard et al.
1985; Roels et al. 1975; Angermuller and Fahimi, 1981; Van Noorden and Frederiks,
1992). As expected, catalase activity was present at detectable levels in control 378 and
Prestige plants at days 5, day 8, and day 11 and was present predominately in the
mesophyll cells. Apparent cellular integrity and chlorophyll content remained the same
for leaves from control plants throughout the time interval evaluated. Some level of
catalase was detected in infested 378 plants for all three time points; however, the levels
of catalase were greatest in infested 378 plants at day 5 then lessened at days 8 and 11. In
general, the levels of catalase activity appeared to decrease over the time period studied
in 378 infested plants. By contrast, infested Prestige plants showed an increase in
apparent catalase levels between day 5 and 8. At day 11, the leaf tissues within clip
cages appeared to have senesced although catalase activity was observed. The results
from this experiment support the enzyme kinetic results on catalase activities (HengMoss et al. 2004).
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Localization of hydrogen peroxide in response to mechanical wounding
Mechanical wounding was used to understand similarities and differences elicited
by chinch bug feeding and mechanical wounding to plants. This research investigated
two questions: 1) Would mechanical wounding trigger hydrogen peroxide accumulation
like that observed in CB-infested plants and 2) Is there something in the chinch bug
saliva that triggers a different defense response in the plant. In control 378 plants, there
were some H2O2 accumulations at all time points evaluated. In mechanically-wounded
378 plants, there were low levels of H2O2 accumulation at days 5 and 8 with a gradual
increase at day 11. In control Prestige plants, the amounts of peroxides were similar to
control plants of 378 at each of the time periods studied, while mechanically-wounded
Prestige plants showed an initial increase in H2O2 levels followed by a decrease by day
11. This result could be due to the neutralization effect of oxidative enzymes in the
resistant plants as compared to the susceptible plants.
SUMMARY
The results of these studies indicate a greater apparent level of hydrogen peroxide
accumulation in buffalograsses challenged by chinch bugs in both resistant and
susceptible cultivars relative to their respective control plants. Both DAB and cerium
chloride staining methods revealed an increase in the amount of hydrogen peroxide
accumulation over the time course of the experiments. The study on mechanical
wounding study suggested plants initially respond to wounding (either mechanical or
through insect feeding) by inducing the production of hydrogen peroxide; however, the
resistant cultivar experienced a reduction in peroxide level with time. This finding further
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supports the hypothesis by Heng-Moss et al. (2004) that the resistant cultivar was more
successful at detoxifying hydrogen peroxide. Conversely, the susceptible cultivar was
less effective at detoxifying peroxide accumulation, thus potentially experiencing greater
damage perhaps due to the toxicity of the reactive oxygen species and the wounding by
insect feeding. It is important to investigate the localization of enzymes involved in
detoxifying ROS. This knowledge will help us to better understand their roles and
functions. The results from this study on catalase activity in response to chinch bug
feeding further supports the work of Heng-Moss et al (2004). As the infestation period
increased, catalase activities decreased in infested 378 plants. Infested Prestige plants
appeared to maintain catalase activity. The findings of these studies further suggest the
loss of catalase activity as a possible marker for susceptibility.
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Figure 1. Basic anatomy of a buffalograss leaf. VT= vascular tissues, BSC = bundle sheath cells, BC = bulliform cells, M =
mesophyll cell, St = Stomates.
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Figure 2. Localization of hydrogen peroxide with DAB 5 days post infestation. (A) and (C) control samples from 378 and Prestige
respectively. (B) and (D) samples from plants infested with chinch bugs.
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Figure 3. Localization of hydrogen peroxide with DAB 8 days post infestation. (A) and (C) control samples from 378 and Prestige
respectively. (B) and (D) samples from plants infested with chinch bugs. The arrows on the photos indicate zones of hydrogen
peroxide accumulation.
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Figure 4. Localization of hydrogen peroxide with DAB 11 days post infestation. (A) and (C) control samples from 378 and Prestige
respectively. (B) and (D) samples from plants infested with chinch bugs. The arrows on the photos indicate zones of hydrogen
peroxide accumulation.
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Figure 5. Localization of hydrogen peroxide with cerium (III) chloride 5 days post infestation. (A) and (C) control samples from
378 and Prestige respectively. (B) and (D) samples from plants infested with chinch bugs.
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Figure 6. Localization of hydrogen peroxide with Cerium (III) chloride 8 days post infestation. (A) and (C) control samples from
378 and Prestige respectively. (B) and (D) samples from plants infested with chinch bugs. The arrows on the photos indicate areas
of hydrogen peroxide accumulation.
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Figure 7. Localization of hydrogen peroxide with Cerium (III) chloride 11 days post infestation. (A) and (C) control samples from
378 and Prestige respectively. (B) and (D) samples from plants infested with chinch bugs. The arrows on the photos indicate areas
of hydrogen peroxide accumulation.
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Figure 8. Localization of catalase with DAB 5 days post infestation. (A), (B), (C), and (D) no DAB samples from control 378,
infested 378, control Prestige and infested Prestige plants respectively. (E), (F), (G), and (H) DAB stained samples from control
378, infested 378, control Prestige and infested Prestige plants respectively (I), (J), (K), and (L) DAB + inhibitor samples from
control 378, infested 378, control Prestige and infested Prestige plants respectively. The arrows indicate DAB deposition in the
vascular tissues.
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Figure 9. Localization of catalase with DAB 8 days post infestation. (A), (B), (C), and (D) no DAB samples from control 378,
infested 378, control Prestige and infested Prestige plants respectively. (E), (F), (G), and (H) DAB stained samples from control
378, infested 378, control Prestige and infested Prestige plants respectively. (I), (J), (K), and (L) DAB + inhibitor samples from
control 378, infested 378, control Prestige and infested Prestige plants respectively.
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Figure 10. Localization of catalase with DAB 11 days post infestation. (A), (B), (C), and (D) no DAB samples from control 378,
infested 378, control Prestige and infested Prestige plants respectively. (E), (F), (G), and (H) DAB stained samples from control
378, infested 378, control Prestige and infested Prestige plants respectively. (I), (J), (K), and (L) DAB + inhibitor samples from
control 378, infested 378, control Prestige and infested Prestige plants respectively. The arrows indicate DAB deposition in the
vascular tissues.
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Figure 11. Localization of hydrogen peroxide with DAB 5 days post wounding. (A) and (C) control samples from 378 and Prestige
plants respectively. (B) and (D) samples from mechanically wounded 378 and Prestige plants respectively.
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Figure 12. Localization of hydrogen peroxide with DAB 8 days post wounding. (A) and (C) control samples from 378 and Prestige
plants respectively. (B) and (D) samples from mechanically wounded 378 and Prestige plants respectively.
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Figure 13. Localization of hydrogen peroxide with DAB 11 days post wounding. (A) and (C) control samples from 378 and
Prestige plants respectively. (B) and (D) samples from mechanically wounded 378 and Prestige plants respectively.
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Figure 14. Photo of experimental plant with clip cages.
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CHAPTER 3
CHARACTERIZATION OF PEROXIDASE AND CATALASE CHANGE IN
RESISTANT AND SUSCEPTIBLE BUFFALOGRASSES CHALLENGED BY
BLISSUS OCCIDUUS
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INTRODUCTION
Buffalograss, Buchloë dactyloides (Nuttall) Engelmann, is a warm-season
perennial turfgrass. It is native to the North American prairies and adapted to the dry
climate of the summer and cold climate in the winter (Wenger 1943). Buffalograss is well
suited for use in home lawns, golf course roughs, cemeteries, and other turfgrass areas.
Buffalograss has gained popularity as a lawn turfgrass because of its low maintenance
requirements, drought tolerance, and limited arthropod pests and diseases (Pozarnsky
1983; Riordan 1991). Baxendale et al. (1999) identified western chinch bug, B.occiduus,
as an important pest of buffalograss. This chinch bug has a wide host range, and is
broadly distributed across the United States.
The use of insecticides has been the primary management strategy for chinch
bugs. Concerns over control costs, food and environmental quality, loss of traditional
pesticides, and the potential for pesticide resistance underscore the need to develop
alternative insect management strategies, such as turfgrass resistance. Buffalograss
resistance to chinch bugs, when employed in an integrated pest management (IPM)
program, has the potential to effectively and economically reduce chinch bug
infestations, while minimizing pesticide inputs, costs, and maintenance effort. The
potential for identifying chinch bug resistant buffalograsses was first suggested by
documented differences in the level of susceptibility of several buffalograsses evaluated
for resistance to the western chinch bug (Heng-Moss et al. 2002). Of the 110 buffalograss
genotypes evaluated for chinch bug resistance through greenhouse and field studies, 4
have been categorized as highly resistant and 22 as moderately resistant (Heng-Moss et
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al. 2002, Gulsen et al. 2004). Of the resistant buffalograsses studied, Prestige exhibited
the highest level of resistance even though it often became heavily infested with B.
occiduus. Subsequent choice and no-choice studies characterized Prestige as tolerant
(Heng-Moss et al. 2003).
From an ecological perspective, plant tolerance to insect feeding has several
advantages as a pest management tool. Unlike other management approaches, tolerance
raises economic/aesthetic injury levels decreasing the likelihood of early pest
management intervention. In addition, it does not place selection pressure on pest
populations. In spite of its advantages, the use of tolerance for pest management is
limited primarily because the mechanisms and the genetics of plant tolerance remain
largely unknown. Understanding these mechanisms at a molecular level could lead to the
development of markers as well as identification of phenotypic characteristics, which
could have a profound impact on breeding turfgrasses with enhanced tolerance to chinch
bugs. In addition, information on specific mechanisms contributing to the resistance
would be valuable for characterizing plant defense strategies.
Oxidative responses of plants to abiotic and biotic stresses (e.g., drought, salt,
pathogen, and insect herbivory) have been documented in numerous studies, and the
specific up/down regulation of oxidative enzymes may be a part of the tolerant response
(Chaman et al. 2001; Felton et al. 1994a and b; Green and Ryan, 1972; Hildebrand et al.
1986; Hiraga et al. 2000; Jerez, 1998; Murugesan et al. 2009; Stout et al. 1999; Ni et al.
2001; Allison and Schultz 2004; Heng-Moss et al. 2004, Heng-Moss et al. 2006; Dowd et
al. 2006; Eickhoff et al. 2007). Therefore, finding and characterizing the specific

48

proteins conferring plants resistance to insect feeding is essential for the continued
development of insect resistant turfgrasses.
Changes in peroxidase activity have been reported as an initial plant response to
both biotic and abiotic stresses (Chaman et al. 2001; Felton et al. 1994a and b; Green and
Ryan, 1972; Hildebrand et al. 1986; Hiraga et al. 2000; Jerez, 1998; Murugesan et al.
2009; Stout et al. 1999; Ni et al. 2001; Allison and Schultz 2004; Heng-Moss et al. 2004,
Heng-Moss et al. 2006; Dowd et al. 2006; Eickhoff et al. 2007). Hildebrand et al. (1986),
Felton et al. (1994), Heng-Moss et al. (2004), and Murugesan et al. (2009) reported an
up-regulation of peroxidase activity in response to insect herbivory in resistant plants.
These findings suggest that an increase in peroxidase activity is a crucial component of
the plant‟s resistance strategy.
Other studies have also showned that catalase activity is involved in a plant‟s
response to insect herbivory. Heng-Moss et al. (2004) documented the loss of catalase in
a susceptible buffalograss in response to chinch bug feeding, while the resistant cultivar
maintained its catalase activity. This loss in catalase may be an important trait in the
susceptible cultivar and could be related to the inability of these plants to withstand insect
feeding. However, Ni et al. (2001) and Rangasamy et al. (2009) reported no change in
catalase activity in wheat and St. Augustinegrass cultivars, in response to Russian wheat
aphid and southern chinch bug feeding, respectively. The goal of this research was to
investigate the role of peroxidase and catalase enzymes in resistant and susceptible
buffalograsses in response to chinch bug feeding. The specific objective was to document
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the levels of peroxidase and catalase in both control and B. occiduus challenged
buffalograsses.
MATERIALS AND METHODS
Buffalograsses. Two buffalograsses were selected for this study: the resistant cultivar,
„Prestige‟ and a susceptible cultivar, „378‟ (Heng-Moss et al. 2002). Turf-soil cores of
Prestige and 378 were extracted from buffalograss plots at the John Seaton Anderson
Turfgrass and Ornanmental Research Facility, University of Nebraska Agricultural
Research and Development Center located near Mead, Nebraska. Individual buffalograss
plants were grown in a mixture of sand-soil-peat—perlite in a 0.66:0.33:1:1 ratio in „SC10 SuperCell‟ Single Cell Con-tainers (3.8 cm in diameter and 21 cm in depth) (Stuewe
& Sons, Inc. Corvallis, OR). Plants were maintained in the greenhouse under 400-W high
intensity density lamps with a photoperiod of 16:8 (L:D) hour. Cone-tainers of individual
buffalograss plugs were allowed to grow for a period of 30-40 days before being used in
the experiments. Cone-tainers were placed in 7 x 14 Cone-tainer trays (Stuewe & Sons,
Inc. Corvallis, OR). The experiments were conducted in a greenhouse maintained at 28 ±
2˚ C.
Chinch Bugs. Western chinch bugs were collected from buffalograss plot at the John
Seaton Anderson Turfgrass and Ornanmental Research Facility and buffalograss lawns at
the University of Nebraska-Lincoln East Campus. A vacuum technique using a modified
ECHO Shred „N Vac (Model #2400, ECHO Incorporated, Lake Zurich, IL) was
employed to collect chinch bugs. Chinch bugs were kept overnight in the laboratory
before selection of active individuals for use in the study. Before initiating the study,
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plants were selected for similar size and height. Ten fourth or fifth instars were
introduced onto each plant designated as a chinch bug-infested treatment. Uninfested
plant served as complementary controls. Both control and infested plants were
individually confined in a tubular, plexiglass cage (4 cm in diameter and 30 cm in
height). To prevent chinch bugs from escaping, each cage top was sealed with organdy
fabric secured with a rubber band. The number of chinch bugs (10) used to infest plants
was based on previous studies (Heng-Moss et al. 2002).
Sample Collection. Plant samples were collected 5, 8, and 11 days after chinch bug
introduction. Visual damage ratings were performed prior to collecting the plant samples
using a 1-5 scale, where 1 = less than 10% damage, 2 = 1-30% damage, 3 = 31-50%
damage, 4 = 51-70% damage, and 5 = greater than 71% damage (Heng-Moss et al. 2002).
Damage was characterized as discoloration of the leaves and leaf necrosis. Infested plants
were also examined for the number of chinch bugs present. Plant samples including
crown, leaf blades, and leaf sheaths were flash frozen in liquid nitrogen, and held at 80˚C until used.
Sample preparation. Samples were removed from -80˚C and immediately ground in a
chilled mortar and pestle in liquid nitrogen. Ground plant samples were transferred to 1.5
mL plastic tubes. Proteins were extracted with 500 µL of 20 mM HEPES buffer, pH 8.0
containing 1% (w/v) polyvinylpolypyrrolidone by sonification on ice for 50 sec using a
Branson Digital Sonifier 450 (Branson Ultrasonic Corp., Danbury, CT) at 20 W.
Samples were first centrifuged at 13500 X g for 10 min at 4˚C. The supernant was
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collected and recentrifuged for an additional 2 min at 13500 X g at 4˚C. The clarified
supernatant was collected and stored on ice for further analysis.
For the enzyme assays, aliquots of the supernatant was desalted by adding 100 µL
clarified plant homogenate with 700 µL 20 mM HEPES buffer, pH 8.0 using a
centrifugal device (Microcon 30K membranes) at 13500 X g for 10-15 min at 4˚C.
Desalted solutions were removed and stored on ice until used.
Enzyme Assays. Sample protein concentrations and enzyme activity levels for
peroxidase and catalase were measured using a spectrophotometer. Total protein content
was determined using a commercially available (BCA) protein assay kit (Pierce,
Rockford, IL) using bovine serum albumin as a standard. Triplicate aliquots of each
sample were measured using a semi-automated microplate reader, PowerWave (BIOTEK Instruments, Inc., Winooski, VT).
Peroxidase activity was documented by monitoring the changes in absorbance at
470 nm for 3 minutes. The enzymatic reaction was initiated by adding 1 µL of the
desalted sample into a mixture containing 20 µL of 200 mM HEPES buffer, 60 µL of 18
mM guaiacol, 2 µL of 30 % hydrogen peroxide, and 117 µL of distilled water (HengMoss et al. 2004).
Catalase activity was documented by monitoring the changes in absorbance at 240
nm for 3 minutes. The enzymatic reaction was initiated by adding in 5 µL of the desalted
sample into a mixture containing 20 µL of 200 mM HEPES buffer, 40 µL of 75 mM

52

hydrogen peroxide from 30% stock solution, and 135 µL of distilled water (Heng-Moss
et al. 2004).
Experimental Design and Statistical Analysis. The experimental design was a
completely randomized block design with five replications. The factorial treatment was a
2 by 2 by 3 (two buffalograsses genotypes, two infestation levels, and three sample
dates). The data were analyzed using PROG GLM procedure of SAS software (SAS
Institute 2002-2008) to detect differences in enzymes activity between control and
infested plants of each genotype (Ni et al. 2001). Graphs were constructed using the
average mean for each enzyme evaluated.
RESULTS
Damage ratings. There was no evidence of visible damage between infested and control
Prestige plants at any of the evaluation dates (Damage rating = 1). However, there was
visible damage on infested 378 plants at days 8 and 11. On day 5, control and infested
378 samples had a damage rating of 1. At 8 days after chinch bug introduction, control
378 plants showed a damage rating of 1, while infested 378 plants exhibited an average
damage rate of 3. At day 11, control 378 plants had a damage rating of 1 and infested 378
plants showed an averaging damage rating of 3.
Enzyme Assays. Changes in catalase activities were observed in infested 378 plants in
response to chinch bug feeding. Chinch bug-infested 378 plants had lower levels of
catalase activity when compared to their respective control plants at all evaluation dates
except day 5 (day 5: t = -4.13; df = 24; P = 0.0004; and day11: t = 3.33; df = 24; P =
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0.0028) (Figure 1 A). By contrast, catalase activities for the infested and control Prestige
plants were similar or slightly higher in the infested plants throughout the experiment
(Figure 1B). There were significant three way interactions of genotype by treament by
day (F value = 9.03; df = 2, 24; P = 0.0012).
Changes in peroxidase activity were observed in response to chinch bug feeding.
Chinch bug-infested 378 plants had similar levels of peroxidase activity when compared
to their respective control plants at 5 and 11 days after chinch bug introduction.
However, at day 8, chinch bug-infested plants had significant lowever levels of activity
when compared to their respective control plants (day 8: t = 2.67; df = 24; P = 0.0133)
(Figure 2A). By contrast, peroxidase activities for infested and control Prestige plants
were similar at days 5 and 8, but the level of activity in infested plants was significantly
higher at day 11 (day 11: t = -3.48; df = 24; P = 0.002) (Figure 2B).
DISCUSSION
Prior research has suggested the importance of oxidative enzymes (peroxidase and
catalase) in a plant‟s response to insect herbivory (Hildebrand et al. 1986; Felton et al.
1994a,b; Stout et al. 1999; Chaman et al. 2001; Ni et al. 2001; Heng-Moss et al. 2004;
Allison and Schultz 2004; Gulsen et al. 2007; Murugesan et al. 2009). In addition, HengMoss et al. (2004) showed a loss of catalase activity in susceptible buffalograss plants in
response to chinch bug feeding. Our results were generally consistent with these earlier
studies. However, there was inconsistency in our dataset, especially for the catalase and
peroxidase activities measured in extracts obtained from the 378 plants. The reasons for
this anomaly are unclear since all extracts were prepared and treated in the same manner.
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It is possible that both instrumental and technical errors could have contributed.
However, the contrasting changes in the relative levels of these two key antioxidant
enzymes in the susceptible cultivar versus the tolerant cultivar support the hypothesis that
the production and destruction of reactive oxygen species (ROS) in-planta plays a key
role in the plant tolerance mechanism (Hildebrand et al. 1986; Heng-Moss et al. 2004).
As a major component of plant ROS, hydrogen peroxide has been documented to
function as a signaling molecule in the plant in response to stressors (Apel and Hirt,
2004). Increased hydrogen peroxide production can also activate various defense
mechanisms, including the up-regulation of peroxidases. Mittler et al. (1999) reported an
increase in peroxidase transcript levels in response to pathogen invasion as a direct
response to an elevated level of ROS. In this study, regulation of peroxidase enzymes was
directly dependent on ROS. ROS molecules can trigger both the salicylic acid and
jasmonic acid pathways and activate the systemic defense response in plants (Allison and
Schultz, 2004). Under stress-free conditions, the cellular levels of ROS are at an
equilibrium between production and removal by non-enzymatic scavengers and oxidative
enzymes, mainly peroxidase and catalase. When stressed, plants produce ROS as a
defensive toxicant, and as a result of tissue damage. Prolonged exposure to high levels of
ROS, however, can result in cellular injury, and if ROS are not removed, can lead to
death of the plant. As a general response to high internal ROS, plants upregulate ROS
scavengers, including enzymes such as catalases and peroxidases (Apel and Hirt, 2004;
Passardi et al. 2004).
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Peroxidases have multiple localization sites and roles in plant cells including
generation and detoxification of ROS, cell wall lignification and degradation, auxin
catabolism, suberization, downstream signaling molecules for plant defense response, and
other stress responses (Dowd and Lagrimini 1997; Hiraga et al. 2001; Welinder et al.
2002; Allison and Schultz 2004; Gulsen et al. 2010). Unlike peroxidase, catalase is
primarily localized in the peroxisome and is commonly used as a marker for this
organelle (Van Den Munckhof 1996). Catalase functions primarily in the decomposition
of hydrogen peroxide produced by a range of aerobic process (photosynthesis,
biosynthetic reactions etc) into water and molecular oxygen.
The combined actions of catalase and peroxidases can ameliorate excess cellular
ROS and permit normal cell functions. Information presented from this study indicate
that susceptible 378 plants are unable to maitain levels of catalase and peroxidase under
continuing chinch bug feeding pressure. The loss of ROS scavenging ability along with
increased ROS levels (see Chapter 2) suggests that both factors contribute to the
susceptible response. In contrast, the tolerant response, as observed in Prestige plants
under chinch bug pressure, appears to involve the plants ability to both generate high
levels of ROS and upregulate and/or maintain ROS detoxifying enzymes such as
peroxidases and catalases. Although the relationships among insect feeding, ROS and
ROS detoxification by the plant are begining to emerge, there is still limited information
on the molecular relationships among these events. Also, the exact physiological role
and mechanism of specific peroxidase(s) and/or other enzymes, in tolerant plants in
response to insect feeding are lacking. Future research should focus on these areas.
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Expanding our knowledge base in these critical areas should be helpful in developing the
next generation of resistant buffalograss cultivars.
SUMMARY
The results of this study indicated higher peroxidase and catalase activity in
infested Prestige plants compared to their respective control plants. Infested 378 plants
had lower catalase activity than controls plants, except at day 5. Infested 378 plants
exhibited a similar level of peroxidase activity when compared to 378 control plants at
days 5 and 11, but significantly lower levels at day 8. Results of this research support the
findings of Heng-Moss et al. (2004), Gulsen et al. (2010), and several other studies
(Chaman et al. 2001; Felton et al. 1994a and b; Green and Ryan, 1972; Hildebrand et al.
1986; Hiraga et al. 2000; Jerez, 1998; Murugesan et al. 2009; Stout et al. 1999; Ni et al.
2001; Allison and Schultz 2004; Heng-Moss et al. 2006; Dowd et al. 2006; Eickhoff et al.
2007).
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Figure 1. Catalase specific activity (micromoles per minute per milligrams of protein) of
buffalograsses. (A) Changes in catalase activities in 378 (susceptible) plants. (B) Changes
in catalase activities in Prestige (resistant) plants. An asterisk denotes significance at P =
0.05.
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Figure 2. Peroxidase specific activity (micromoles per minute per milligrams of protein)
of buffalograsses. (A) Changes in peroxidase activities in 378 (susceptible) plants. (B)
Changes in peroxidase activities in Prestige (resistant) plants. An asterisk denotes
significance at P = 0.05.
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CHAPTER 4
OVERALL CONCLUSIONS
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OVERALL CONCLUSIONS
This research documented hydrogen peroxide (H2O2) accumulation in both
resistant and susceptible buffalograsses in response to chinch bug feeding. The level of
H2O2 accumulation increased over time for both genotypes. Chinch bug infested Prestige
plants had a higher level of H2O2 accumulation relative to infested 378 plants at all time
periods except on day 11. The increased accumulation of hydrogen peroxide was
accompanied by higher peroxidase and catalase activity in infested Prestige plants
compared to their respective control plants at day 11. Infested 378 plants had similar
peroxidase activity relative to their control plants at all time points except at day 8.
Infested 378 control plants had lower catalase activity when compared to its control
plants on days 8 and 11. The results of this research support the findings of Heng-Moss et
al. (2004), Gulsen et al. (2010), and a number of other studies (Chaman et al. 2001;
Felton et al. 1994a and b; Green and Ryan, 1972; Hildebrand et al. 1986; Hiraga et al.
2000; Jerez, 1998; Murugesan et al. 2009; Stout et al. 1999; Ni et al. 2001; Allison and
Schultz 2004; Heng-Moss et al. 2006; Dowd et al. 2006; Eickhoff et al. 2007).
The results of this research suggest peroxidase and catalase play a role in the
defense response of buffalograss to chinch bug feeding. The chinch bug tolerant
buffalograss, Prestige exhibited a higher level of peroxidase in response to chinch bug
feeding relative to the susceptible buffalograss. A lower level of catalase activity was also
documented in susceptible buffalograss plants in response to chinch bugs, while catalase
activity remained relatively similar between control and infested plants of Prestige.
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Hydrogen peroxide accumulation in response to mechanical wounding was also
evaluated in this research, however, due to microscopy limitations (including the
inability to section samples immediately after staining in DAB) results from this
component of the research were unclear. Additional studies are needed to assess the
impact of mechanical wounding on H2O2 accumulation.
The length of infestation also appears to play a role in the accumulation of H 2O2.
The greatest accumulation of H2O2 occurred at day 11 for both genotypes studied.
However, the resistant buffalograss had the ability to more effectively detoxify H2O2 and
as a result sustain less tissue damage relative to the susceptible buffalograss. The ability
to detoxify the H2O2 resulted from increased activity and/or maintenance of two key
oxidative enzymes, peroxidase and catalase.
Overall, this research provides baseline information on the accumulation of H2O2
in response to insect feeding and suggests that oxidative enzymes are playing a role in the
defense response of buffalograss. The results from the peroxidase and catalase activity
levels support the findings of Heng-Moss et al. (2004) and Gulsen et al. (2010).
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